Medical logic modules are a procedural representation for sharing task-specific knowledge for decision support systems. Based on the premise that clinicians may perceive object-oriented expressions as easier to read than procedural rules in Arden Syntax-based medical logic modules, we developed a method for improving the readability of medical logic modules. Two approaches were applied: exploiting the conceptoriented features of the Medical Entities Dictionary and building an executable Java program to replace Arden Syntax procedural expressions. The usability evaluation showed that 66% of participants successfully mapped all Arden Syntax rules to Java methods. These findings suggest that these approaches can play an essential role in the creation of human readable medical logic modules and can potentially increase the number of clinical experts who are able to participate in the creation of medical logic modules. Although our approaches are broadly applicable, we specifically discuss the relevance to concept-oriented nursing terminologies and automated processing of task-specific nursing knowledge.
Arden Syntax is a Health Level Seven (HL7) standard, and some institutions have widely instituted Arden Syntax-based MLMs, but there are a number of issues that limit their use. First, an Arden Syntax compiler must be written to integrate an Arden Syntaxbased decision support system with the institutionspecific clinical information system. Second, database schemata, clinical terminologies, and data access methods vary. Therefore, MLMs must be adapted to use the local clinical data repository. The use of nonstandard expressions (ie, a local healthcare terminology), known as the ''curly braces problem'' in the Arden community, is a major barrier to the sharing of MLMs among different institutions. 6 The adoption of standard, conceptoriented terminologies (eg, SNOMED Clinical Terms, Logical Observation Identifiers, Names, and Codes) 7 or approaches for mapping among heterogeneous terminologies (eg, use of the Unified Medical Language System or a reference terminology model such as the International Standards Organization models for nursing diagnoses and nursing actions) is a significant effort toward solving the curly braces problem to improve the portability of MLMs. An issue that has received considerably less attention is the human readability of MLMs, which is the focus of this article. Human readability is vitally important because of the essential role of clinical experts in the development and maintenance of MLMs.
The premise of our research is that clinicians may perceive such object-oriented expressions as easier to read than procedural rules, such as those in Arden Syntax-based MLMs. Several researchers have applied object-oriented approaches to increase the shareability and adaptability of MLMs. Karadimas et al 6 designed an Arden Syntax MLM-based decision support system that uses an object-oriented model and the dynamic linking features of the Java platform. This system demonstrated improved portability of MLMs across institutions. Peleg and colleagues 8 developed an expression language, called GEL, based on Arden Syntax's logic grammar. GEL is designed to reconcile the differences between Arden Syntax's data model and an object-oriented data model. GEL fills the gap between procedural and object-oriented data models, but it does not directly support the object-oriented model. This limitation is addressed by an object-oriented expression language that supports harmonization with objectoriented models. 9 Although these studies do not directly address the human readability issue, they provide the foundation for our proposed approach.
In this article, we describe the development and evaluation of a method for improving the human readability of MLMs. Our method is based on a concept-oriented terminology and an object-oriented programming language. We apply the method to MLMs at the New York Presbyterian Hospital (NYPH). In addition, although our approaches are broadly applicable, we specifically discuss the relevance of the research to concept-oriented nursing terminologies and the implications of our method for automated processing of task-specific nursing knowledge.
BACKGROUND
Our method was developed within the context of the Vigilens Project 10 and the Medical Entities Dictionary (MED)-based 11 MLM infrastructure at NYPH. ''Vigilens'' is a research project conducted to develop decision support systems at NYPH. The overall goal of the project is to develop a modular, portable, and multiinstitutional decision support system supporting clinical practice guidelines that will improve healthcare. The unique architecture of Vigilens ( Figure 1 ) is a serverbased decision support system that uses Internet and clinical data standards to communicate with (1) the knowledge bases in which the alerting conditions are expressed, including controlled terminology servers; (2) the relevant clinical data residing on other platforms such as eXtensible Markup Language (XML) and/or HL7 streams, clinical data repositories, or warehouses; and (3) the information technology that provides feedback to users, including Web portals, pagers, e-mails, and clinical systems. Vigilens uses synchronous communication protocols as XML/HL7 and IBM's Websphere Everywhere middleware (IBM Corporation, Armonk, NY), offering connection to hundreds of communication protocols and wireless devices. Of particular relevance to the topic of this article is that Vigilens can also take advantage of the structure of advanced, concept-oriented terminologies, such as SNOMED Clinical Terms and the MED, in its representation of knowledge. Consequently, alerting rules can be conceived simply at the conceptual level, and the underlying architecture translates a class-based alert into a sophisticated query specific to the data structure and database schema of a specific clinical data repository.
There are two types of data represented in curly braces in MLMs at NYPH: MED codes and Data Access Module (DAM) query language expressions.
Alert that the patient is at high risk for pressure ulcer Notification that the patient qualifies for urinary incontinence clinical pathway Suggestions for assessing willingness to quit in person identified as a smoker and list of evidencebased, short-term smoking cessation interventions Alert regarding discharge teaching for patient and family members Clinical data used in MLMs are defined in the MED, the concept-oriented enterprise data dictionary, which contains more than 69 000 medical concepts that are used at NYPH. The concepts in the MED are represented as frames and are arranged in a semantic network. Each frame includes information specific to a particular concept, such as its name, synonyms, units of measure when applicable, and others. A semantic network includes nodes and links (arcs or arrows) between nodes, represented as a directed, acyclic graph. 12 The MED supports IS-A and associative relationships among concepts. For example, Falls Risk and Injury Risk Assessment ''IS-A'' Risk Assessment and the item History of Falls within the Last 7 Days ''IS Associated with'' Falls Risk Assessment. 13 The Arden Syntax is executed based on clinical data. The MLMs obtain the required MED codes for the clinical data through DAM. Subsequently, appropriate alerting and warning messages are then sent to clinicians. These processes are performed based on the DAM query expressions within the curly braces. An issue raised by this approach is that, as shown in Figure 2 , multiple MED codes (eg, see list of codes following data: potassium_storage :=event) and cryptic DAM expressions (eg, {'evoking', 'dam'=''PDQRES2,''\constraints'='' C****,'';'32310'}) decrease the human readability of MLMs.
METHODOLOGY
We applied two approaches to improve the human readability of the MLMs: (1) exploiting the conceptoriented features of the MED and (2) building an executable Java program that would be functionally equivalent to the Arden Syntax. Subsequently, we conducted a usability evaluation of these approaches.
Exploiting Concept-oriented Features of the MED
To reduce the number of MED codes displayed within the MLM curly braces, we applied the class-based representation of the MED of Tao et al 14 and an associated visualization tool, the Ontology Browser System. The Ontology Browser System graphically displays the hierarchical relations of multiple terms, which facilitates the identification of the common or nearest common ancestors for selected MED codes, such as the laboratory tests shown in Figure 3 . 15 The potential impact of this on human readability is that it is possible to include only the MED code for the nearest common ancestor rather than all MED codes for the clinical data required for the MLM.
Java Expression Approach
We examined three different techniques that might be used to translate the current Arden Syntax-based MLMs into object-oriented language: (1) building an executable Java program that is functionally equivalent to the Arden Syntax; (2) constructing a robust objectoriented design in Java that is not completely functionally equivalent to the Arden Syntax; and (3) developing both a functional equivalent and a reliable, maintainable, shareable, and scalable Java program. The second approach was rejected because preservation of the functionality of the original program was deemed to be very important. The third approach was considered to be the best in the long-term, but given that our primary purpose in this evaluation was to improve human readability, the first was chosen for its simplicity and cost effectiveness.
An object-oriented software architecture for representing MLM rules was independently designed and developed using unified modeling language. The programmer wrote executable Java programs that could translate simple functions from Arden Syntax-based MLMs to the object-oriented Java programming language. To clarify the specific meaning of the DAM query expressions so that items could be more accurately mapped to Java, we transformed the query expressions into a pseudocode ( Figure 4B ).
Usability Evaluation
For the usability evaluation, we first rewrote an MLM, ''screening new or worsening anemia based on intravascular hemoglobin,'' based on Arden Syntax 2.0. Then, we selected a set of six functionally equivalent Arden Syntax rules and Java methods and organized them into a table (Table 1 ). The sample included eight clinicians (five nurses and three physicians, one with computer science training) and one computer scientist; eight of the nine participants were familiar with Arden Syntax MLMs. We asked the participants to map rules from the Arden Syntax-based MLM to appropriate Java methods to reproduce the ''screening new or worsening anemia based on intravascular hemoglobin'' MLM in Java ( Figure 4C ).
RESULTS
Six of nine (66%) participants mapped 100% of the Arden Syntax rules to the Java methods correctly, one mapped 83% correctly, and two mapped 67% cor-rectly. Mistakes included failing to recognize a rule in the anemia_monitor MLM (ie, rule was not mapped to any Java method) and mapping a rule to an improper Java method. Subjects reported a mapping time ranging from 5 to 10 minutes. All nine participants described the proposed method as easy to use and easy to understand. Positive comments included the following: ''Quite straightforward,'' ''It didn't take me a long time to map things up,'' ''There was no difficulty in mapping,'' and ''The MLM became so easy to read after mapping.'' Negative comments included the following: ''Some Java rules were a bit hard to understand (eg, ProcCompDAO).''
DISCUSSION
Study results suggest that our method improved the human readability of the study MLM. Moreover, the results suggest that participants were able to apply the Java-based expressions with a high degree of accuracy and efficiency. Although not the focus of our study, our method has the potential to address the first of three issues raised in the introduction by decreasing the burden of designing and implementing a compiler because of the simplification of codes and improved clarity of query expressions.
There were a number of limitations to our study. First, we used a single MLM. Second, most of the participants were familiar with Arden Syntax MLMs. Third, there were six Arden Syntax rules and six Java expressions, and consequently, some matches may have occurred by process of elimination. Despite these limitations, the findings are promising and applicable beyond our institution.
Although not widely implemented for nursing practice, MLMs are appropriate for representing taskspecific nursing knowledge, such as that related to tasks described in the introduction of this article. The methods that we developed and tested will facilitate the development of MLMs for nursing tasks in two ways.
First, the class-based approach to reducing the number of MED codes required within the curly braces 17 and the integration of nursing diagnoses, interventions, and outcomes into SNOMED Clinical Terms. 7 These concept-oriented representations enable a class-based approach to reducing the number of codes required for the clinical data in MLMs. This is in addition to the benefit gained from the use of standardized nursing terminologies and reference terminology models to reduce the curly braces problem through the use of common representations and, consequently, to increase the portability of MLMs. Second, clinical nursing expertise is essential to the creation of nursing MLMs. Consequently, approaches such as the Java-based method that we developed, in which participants perceived to be understandable and useful, that is, more human readable, may be helpful in engaging nurses to participate in the development of MLMs.
CONCLUSIONS
There has been little implementation of MLMs to encode task-specific knowledge for decision support in nursing practice. The approaches that we have described, along with recent advances in developing concept-oriented representations of clinical data, including those specifically related to nursing, can play an essential role in the creation of MLMs that are human readable and can potentially increase the number of clinical experts who are willing and able to participate in the creation of MLMs. This is particularly vital for nursing, given the small number of nurses with formal education in informatics.
